Evidence of K+ homeostasis disruption in cellular dysfunction triggered by 7-ketocholesterol, 24S-hydroxycholesterol, and tetracosanoic acid (C24:0) in 158N murine oligodendrocytes.
Imbalance in the homeostasis of K+ ions has been reported to contribute to the pathogenesis of neurodegenerative diseases. 7-ketocholesterol (7KC), 24S-hydroxycholesterol (24S-OHC), and tetracosanoic acid (C24:0), often found at increased levels in patients with Alzheimer's disease, Multiple Sclerosis and X-ALD, are able to trigger numerous nerve cell dysfunctions. We therefore studied the impact of 7KC, 24S-OHC, and C24:0 on 158N murine oligodendrocytes, and determined their impact on K+ homeostasis. The effects of 7KC, 24S-OHC and C24:0 on lipid membrane organization and membrane potential were examined with merocyanine 540 (MC540) and bis-(1,3-diethylthiobarbituric acid) trimethine oxonol (DiSBAC2(3)), respectively. The intracellular concentration of K+ ([K+]i) was measured by flame photometry and the ratiometric approach using the PBFI-AM fluorescence indicator. To determine the relationships between [K+]i and lipotoxicity, 158N cells were pre-treated with a universal Kv channels blocker, 4-aminopyridine (4-AP), without or with 7KC, 24S-OHC or C24:0. Cell adhesion, cell growth, mitochondrial depolarization, cytoplasmic membrane integrity, the presence of SubG1 and the morphological aspect of the nuclei were determined with various microscopy, flow cytometry and biochemistry methods. 7KC, 24S-OHC and C24:0 induced changes in lipid content and polarization of the cytoplasmic membrane. These events were associated with increased [K+]i. Blocking Kv channels with 4-AP exacerbated 7KC-, 24S-OHC- and C24:0-induced cell dysfunction. 4-AP exacerbated loss of cell adhesion and cell growth inhibition, amplified mitochondrial depolarization and cytoplasmic membrane damage, and increased the percentage of SubG1 cells. The positive correlation between [K+]i and cell death supports the potential involvement of K+ in 7KC-, 24S-OHC-, and C24:0-induced cytotoxicity.